Axillary hairs of 55 species of genera Amblyodon, Aplodon, Aulacomnium, Brachymitrion, Breutelia, Bryobrittonia, Bryum, Catoscopium, Encalypta, Funaria, Leptobryum, Meesia, Mnium, Orthodontium, Orthotrichum, Paludella, Philonotis, Plagiomnium, Plagiopus, Pohlia, Pyrrobryum, Rhodobryum, Rhizomnium, Splachnum, Tayloria, Tetraplodon, Timmia, Ulota, Voitia, Zygodon are described (and illustrated for most of genera). Axillary hair morphology is in agreement with the placement of Leptobryum in Meesiaceae, a family close to Splachnaceae. Similarity of axillary hairs in Encalyptaceae and Timmiaceae, as well as in Mnium and Rhizomnium is outlined.
all regional floras). Molecular data removed Leptobryum from Bryaceae, and put it very definitely in proximity to Meesiaceae, in a rather isolated clade, which includes also Splachnaceae . Buck & Goffinet (2000) recognized order Splachnales with 3 families: Splachnaceae, Meesiaceae and Catascopiaceae (however without explanation of reasons for the latter family).
Despite of a rather small volume, Meesiaceae are very poor in synapomorphic characters, and comparing its desri ption (for example, in Crum & Andreson, 1981) with those of Bryaceae, one would hardly find any formal key character for their separation: Meesia and Paludella have rather thick-walled leaf cells, but in Amblyodon cells are thin-walled; Meesia and Amblyodon exhibit the tendency to reduction of exostome and lack of ciliae, but Paludella has rather normal exosRecent advances in the analysis of DNA sequence data of mosses brought the evidences that both morphological and molecular data lead to the generally identical classification, at least at the level of families and genera. However, some results of sequence analysis appeared to be unexpected, contradicting the traditional ideas of the relationshi ps of this or that group. Among them the case of Leptobryum pyriforme (Hedw.) Wils. is probably the most interesting.
Leptobryum pyriforme is the type species of the the genus, and the only widespread and well-known species of the genus of 2(-6?) species (Crosby, 1999) . This species was invariably placed in Bryum or Pohlia (Hedwig, 1801 , and other authors of the first half of XIX centure), later, after segregation in separate genus -near Bryum or Pohlia, and then within the family Bryaceae (Brotherus, 1924, and tome. Leptobryum has rather thin-walled laminal cells and perfect peristome with 3-4 appendiculate ciliae.
So, neither peristome, nor leaf (two main sources of morphological characters in many groups of mosses) are useful to evaluate this new placement of Leptobryum from the morphological point of view. In this situation all other characters become more important, even if they are rarely useful at familial level. One of them, the axillary hair' structure, appears to be a good support of relation of Leptobryum with both Meesiaceae and Splachnaceae.
Axillary hairs were first used in taxonomy of the generic level by Saito (1975) , for classification in Pottiaceae. Buck (1987) found them useful in familial classification of Hookeriales. One of the biggest overviews (200 species) of axillary hair morphology has been done by Hedenaes (1990) for northern (mostly European) pleurocarps. Hedenaes concluded that in taxa he studied the axilary hairs (a) are usually not family-specific; (b) rather homogeneous within one genus, and if not so -might be because of unnaturalness of that genus; (c) the fact of similarity in axillary hairs does not mean that taxa can not be quite unrelated; (d) some species have peculiar axillary hairs highly diagnostic at the species level. No one similar overview has been done for acrocarps. The only family where axillary hairs are useful for intrafamilial classification appear to be Bartramiaceae (Griffin, 1991 (Griffin, , 1998 Griffin & Buck, 1989) . Discussing Bartramiaceae, Griffin & Buck (1989) overviewed also axillary hairs of Aulacomniaceae, Meesiaceae and Timmiaceae (neighbors of Bartramiaceae in Fleischer-Brotherus' family arrangement). Their comparison revealed (1) Bartramiaceae have 3 main types of axillary hairs, well correlated with other characters of plants and therefore taxonomically useful; (2) Aulacomniaceae have rather generalized pattern of axillary hairs; (3) axillary hairs in Meesiaceae are very peculiar in having only one very long upper hyaline cell, and deeply brick-red other cells; this peculiar pattern allowed to suggest no close relationshi ps between Meesiaceae and Bartramiaceae; (4) Timmiaceae were found very odd in having very long (to 700 μm) filiform axillary hairs, hyaline throughout, a case known in Bartramia (thus considered allied with the Timmiaceae).
In the last decade, axillary hairs became one of a standart items of morphological descri ptions (at least in special monographic studies), but were not specially reviewed throughout acrocarps. By this reason we added to this study some related or otherwise nearby placed groups of acrocarps with double peristomes, despite the primary aim of this paper was just to point out the similarity of axillary hairs in Leptobryum and Meesiaceae.
MATERAL AND METHOD Species, number of studied specimens and of axillary hairs, and character states of the latter are given in the Table 1 , and illustrated in Figs. 1-67 . The color formula of axillary hairs (in Table 1 ) is introduced here for the descri ption of color pattern. The deepness of pigmentation is evaluated for each cell in 1 to 6 scale (1 -hyaline; 2 -very light; 3 -light; 4 -moderate; 5 -deep; 6 -very deep), from base to top. List of specimens used for this study is in the Appendix 1.
RESULTS AND DISCUSSION 1. The structure of the axillary hairs described for Meesiaceae by Griffin & Buck (1989) is found also in Leptobryum. Their axillary hairs are peculiar in two respects: (1) only one upper cell is hyaline; other cells are colored, and the intensity of pigmentation is commonly increasing upwards, so the second cell from the top is the deepest in color; (2) upper cell is large and slightly to moderately inflated, so the axillary hair has club-like shape. Both these features are observed in Leptobryum, Meesia, Amblyodon and Paludella, at least in some hairs (Figs. 1-13). Club-like shape is very distinct in Splachnaceae , and in this family Leptobryum-like color pattern (second upper cell having deepest pigmentation) is observed in some species of Tayloria, Brachymitrion and in Aplodon; in Splachnum, Tetraplodon and Voitia this pattern is inapparent. Thus, the placement of Leptobryum in Meesiaceae is supported by axillary hair morphology; Splachnaceae (at least some genera) also share this pattern of pigmentation of axillary hairs, which support its close to Meesiaceae.
Besides these families, club-like axillary hairs have been observed in Catascopium (Fig. 14) and . Few club-like hairs were seen in genera with commonly not club- (Fig. 46) . The distant position of at least Funariaceae was demonstrated recently in most of studies . Therefore, we can just conclude, that the club-like shape alone is not a very specific character. Therefore we hesitate to comment the placement of Catoscopiaceae in proximity to Meesiaceae and Splachnaceae (Buck & Goffinet, 2000) .
2. In many groups axillary hairs are rather "average", without any sound peculiarities, consisted of 1-2(-3) short colored basal cells and (1-)2-5(-8) longer hyaline cells. This case is known in most of pleurocarps (cf. Hedenaes, 1990) . In this study it was observed in Bryum, Pohlia, Rhodobryum, Pyrrobryum, Plagiomnium, Bartramia, Aulacomnium, Orthotrichum, and Ulota. This character state is obviously plesiomorphic and can be used pro or contra in tax- Koponen (1988) tought its relationshi ps with mostly tropical and subtropical Rhizogoniaceae, concluding that Mnium and Pyrrhobryum are more close to each other than (1) Mnium to Plagiomnium and Rhizomnium; (2) Pyrrhobryum to Rhizogonium. This situation was resolved by Koponen (l. c.) in resurrecting of the family Cinclidiaceae Kindb. (for Cinclidium, Rhizomnium and Cyrtomnium) and in descri ption of a new family Plagiomniaceae (for Plagiomnium, Orthomnium and Pseudobryum). In this study we found that upper hyaline cells are unusually short and broad in Rhizomnium ssp. and some species of Mnium (M. spinulosum and M. marginatum, cf. Figs. 43-44, 46 ), so they are more similar to each other, than to Plagiomnium and Pyrrobryum (which have unspecialized type of axillary hairs). It is probable, that the study of axillary hairs in all species of this group could be helpful for its taxonomy.
4. Bartramiaceae exhibits a great variety in axillary hair structure, and this study can just support the conclusions of Griffin (1991 Griffin ( , 1998 and Griffin & Buck (1989) about the importance of their usage in infrafamiliar classification of this family.
5. Timmiaceae and Encalyptaceae are very unusual in having very long axillary hairs, 6-19 cells long (Figs. 59-63) , exceeding 1 mm. Horton (1982) reported axillary hairs to 2 mm long in Bryobrittonia longi pes (Mitt.) Horton and Encalypta affinis Hedw. f.
Recent studies changed the position of Timmiaceae greatly, placing this familiy to basal position, in proximity to Funariacaeae and Encalyptaceae, but the more close similarity was found between Timmiaceae and Funariaceae , than to Encalyptaceae, or between Funariceae and Encalyptaceae , than to Timmiaceae. According to axillary hair morphology, Timmiaceae is much more similar to Encalyptaceae. Note also that Bryobrittonia, the second genus of the Encalyptaceae, is quite similar to species of Timmia in leaf morphology, as well as in habitat preferences. AKNOWLEDGEMENTS This study was partly suported by Russian Foundation of Basic Reseraches, 99-04-48194 and 01-04-06395. 
